A study of family clustering in two young girls with novel avian influenza A (H7N9) in Dongyang, Zhejiang Province, in 2014  by Mao, HaiYan et al.
A
i
H
L
Z
a
b
c
a
A
R
R
1
A
K
A
H
F
P
C
1
i
e
m
A
t
P
T
h
1Journal of Clinical Virology 63 (2015) 18–24
Contents lists available at ScienceDirect
Journal of Clinical Virology
journa l homepage: www.e lsev ier .com/ locate / j cv
study of family clustering in two young girls with novel avian
nﬂuenza A (H7N9) in Dongyang, Zhejiang Province, in 2014
aiYan Maoa,1, Bin Guob,1, FengYing Wangc,1, Yi Suna,1, XiuYu Loua, Yin Chena,
ei Zhanga, XinYing Wanga, Zhen Lia, SheLan Liua, ShuWen Qina, JunChao Weib,
hiFeng Pangc, ZhiPing Chena, YanJun Zhanga,∗
Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou, Zhejiang, China
Dongyang Center for Disease Control and Prevention, Dongyang, Zhejiang, China
Jinhua Center for Disease Control and Prevention, Jinhua, Zhejiang, China
r t i c l e i n f o
rticle history:
eceived 27 July 2014
eceived in revised form
8 November 2014
ccepted 27 November 2014
eywords:
vian inﬂuenza
7N9
amily cluster
hylogenetic
ytokine
a b s t r a c t
Background: The avian inﬂuenza A H7N9 virus, previously unknown in humans, has infected humans in
many areas of China since February 2013. Here we report on a clustering case of H7N9 in two little girls
in one family in Dongyang city, Jinhua area, Zhejiang Province.
Objectives: To determine (1) whether the infections were due to person-to-person transmission or to co-
exposure to poultry and (2) the prevalence of this novel H7N9 virus in Dongyang inferred by this family
clustering case.
Study design: Samples were collected from patients and environment. We undertook detailed epidemi-
ological investigations and laboratory work. Phylogenetic analyses were done based on the sequenced
genomes. The concentration of cytokines and chemokines in the serum was detected by cytometric bead
array analyses.
Results: A mixture of H7 and H9 was detected from the environmental sample. The three H7N9 viruses
shared one infection source. The index patient who had signiﬁcantly higher levels of IL-4, IL-8 and IL-10
suffered severe infection.
Conclusions: Based on a comparison with previous isolations of the virus in 2013, H7N9 has evolved
different lineages through recombination with local H9N2 viruses. Determining whether it was human-
to-human transmission or exposure to the same live poultry, since both patients had identical exposure
histories, was ambiguous. The results from the cytokine analyses agreed with the conclusion that H7N9
severity is associated with a higher level of cytokines/chemokines. Long term inﬂuenza surveillance
remains essential to allow for early warning of potential transmission events.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND. Background
The emergence of severe human illness caused by avian-origin
nﬂuenza A (H7N9) viruses in China has precipitated a global
ffort to understand several aspects of this new virus, such as the
echanism of pathogenicity and evolution and transmissibility.
question of most concern is whether the virus is able to effec-
ively transmit among people. Some studies indicate the potential
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revention, 3399 Binsheng Road, Hangzhou, Zhejiang 310051, China.
el.: +86 0571 87115198; fax: +86 0571 87115198.
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ttp://dx.doi.org/10.1016/j.jcv.2014.11.034
386-6532/© 2014 The Authors. Published by Elsevier B.V. This is an open access article unlicense (http://creativecommons.org/licenses/by-nc-nd/3.0/).
for limited and non-persistent transmission [1–3]. Several cases of
clustering since the outbreak of the novel H7N9 avian inﬂuenza in
2013 in China have made the answer to this question more critical.
Zhejiang has one of the highest numbers of conﬁrmed cases among
the provinces of China. Our surveillance has detected three cases of
family clustering of the virus in Zhejiang. Here we report a further
case of clustering infection in two young sisters from Dongyang
city. The time interval between the onset of infection in the sis-
ters was 3 days, which meets the clustering criterion published
by the National Health and Family Planning Commission of China
(NHFPCC). Many ﬁndings based on previous molecular H7N9 epi-
demiology studies discovered that H7N9 and H7N7 are products
as reassortment events between an H7 virus and enzootic H9N2
virus. Patients who were fatally infected with H7N9 showed sub-
stantially increased serum cytokine or chemokine concentrations
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1,4,5]. Therefore, usingnextgeneration sequencingandcytometric
ead array (CBA) analyses, we obtained whole genome sequences
nd detected inﬂammatory cytokine levels in serum from both
atients in Dongyang city.
. Objectives
By combining the results of themolecular and cytokine analyses
ith epidemiological data, we attempted to determine (1)whether
he infections were due to person-to-person transmission or to co-
xposure to poultry and (2) the prevalence of this novel H7N9 virus
n Dongyang inferred by this family clustering case.
. Study design
.1. Clinical samples
With thepermission fromthe fatherof the twochildren, pharyn-
eal swabs and serum samples, following the surveillance program
ublished by NHFPCC, were collected in February 2014 from the
wo patients suspected of being infected with the avian inﬂuenza
irus H7N9. Fifteen environmental samples comprising live poul-
ry stools, chopping boards and containers were collected from the
arkets in Dongyang visited by the father of the patients and, with
ermission from the local government, also from the chicken mar-
et in Yongkang, a town near Dongyang. The samples were stored
n 3–5ml of Hanks solution, containing 100U/ml penicillin and
00g/ml streptomycin, at −70 ◦C for preservation until analysis.
.2. Viral RNA extraction and RT-PCR detection
Viral RNA was extracted using the RNeasy Mini kit (Qiagen,
A, USA) according to the manufacturer’s instructions. Multiplex
eal timeRT-PCR reactionswereperformedusing theAgPath-IDTM
ne-StepRT-PCRKit (LifeTechnologies). The titersof the stockvirus
eredetermined, and the50% tissue culture infectivedose (TCID50)
as calculated using the standard method of Reed and Muench [6].
rocedures for RT-PCR reactions followed the instructions of the
anufacturer.
.3. Virus isolation and hemagglutination test
Speciﬁc pathogen-free embryonated chicken eggswere used for
irus isolation. Six, 9–11-day-old chicken embryos were each inoc-
lated with 200l of sample by the chorioallantoic sac route. The
ggs were incubated for 48h at 35 ◦C, after which allantoic ﬂuid
as tested for hemagglutination of 0.5% turkey red blood cells in
phosphate buffered saline (PBS) solution. Cultured samples neg-
tive for hemagglutinination were subsequently blindly passaged
gain in eggs.
.4. Creating and sequencing the library
Using next generation sequencing techniques, we built a tar-
eted library for the two isolates and one environmental sample.
ecause of the low concentration of nucleic acid, we used PathAmp
luA Pre-Ampliﬁcation Reagents (Life Technologies) to enrich the
ight segments in each sample for better performance in the ABI
on Torrent. We then constructed libraries consisting of random
ragments averaging 200bp in length. Each sample was assigned
different barcode in the Ion Xpress Plus Fragment Library KitLife technologies). In the ﬁnal step, we pooled libraries evenly
nto 318 chips after running them through quality control. The
arcoded libraries were sequenced by the Ion Torrent Personal
enome Machine (v 4.2.1).Virology 63 (2015) 18–24 19
3.5. Data analysis
Quality checks were conducted by Torrent Suite software in
default parameters. In brief, reads were trimmed from 3′ according
to mean base quality value based on a sliding window method. The
readswere ﬁrst aligned to a virus reference FASTAﬁle and analyzed
using PathogenAnalyzer v1.2 (Life technologies). All full genome
virus sequences were deposited in the Global Initiative on Sharing
Avian Inﬂuenza Data (GISAID) database (EPI533240–EPI533264).
We then checked for sequences and variant positions in the
amino acids using Geneious 4.8.3 (www.geneious.com). We per-
formed multiple sequence alignments with data matrixes of other
sequences pertaining to the H7N9 and H9 segments downloaded
fromtheGenBankandGISAIDdatabases, respectively. Phylogenetic
analyses were initiated using dataset-speciﬁc models conducted
using the Akaike Information Criterion (AIC) in Modeltest 3.7 [7].
Model parameters were estimated in all analyses. The ML anal-
ysis for each data set was performed using a speciﬁc model for
site variation and setting the parameter values as ‘estimated’ using
raxmlHPC and MEGA 6.0.5 according to different models for differ-
ent segments in H7N9 [8,9].
3.6. Cytometric bead array analyses of cytokines and chemokines
Cytokines and chemokines in the serum were quantiﬁed using
a human soluble protein master buffer kit system (BD Biosciences).
Data were analyzed by using CBA analysis software (BD Bio-
sciences).
4. Results
4.1. Patients
Patient 1 (the index patient) was a 23-month-old girl with a
fever of 39.5 ◦C at the onset of illness. She was taken to the hos-
pital on February 24 and conﬁrmed to be infected with H7N9 by
late in the day. Blood tests showed her white blood cell count to be
5.5×109/L. The percentage of neutrophile granulocytes and lym-
phocytes was 65.1% and 30.1%, respectively. X-rays showed high
density patchiness in the right lung. Patient 2 was a 7-year-old girl
and sister of the index patient. Her medical condition was closely
monitored because she had been in close contact with her sister.
On February 26, she had a fever of 39.8 ◦C, headache and red eyes.
She was conﬁrmed to be infected with H7N9 on February 27. Her
blood test showed a white blood cell count of 7.5×109/L. Results
from the chest radiograph showed increased marking in the lower
part of both lungs (Table 1).
4.2. Epidemiological investigations
The ﬁve people in the family, father, mother, the two daugh-
ters (who were patients), and a son, lived in a rented room in the
town of Nanma in the city of Dongyang in the Jinhua area of Zhe-
jiang Province. No fowl or poultry is raised in their neighborhood.
Because the mother had recently given birth to the son, following
the tradition of the Bouyei nationality, she was required to prepare
meals from freshly killedpoultry. To satisfy this tradition, the father
purchased live/dead poultry ﬁve times from the nearby live poultry
market. Because of the government ban on the sale of live poultry,
which began on January 28, the father obtained the live chickens
from the home of the stall keeper. The father purchased live chick-
ens three times (February 15, 17 and 19) in the 10 days before the
onset of illness in the index patient. The index patient did not visit
the live poultry market in the week before the onset of illness; the
second patient visited the market with her father on February 17 to
purchase another chicken. The father kept the chicken alive outside
20 H. Mao et al. / Journal of Clinical Virology 63 (2015) 18–24
Table 1
Demographic, epidemiologic, and virologic characteristics and complications, treatment of two patients infected with avian origin inﬂuenza A (H7N9) virus.
Characteristic Patient 1 Patient 2
Age 23 month 7 year
Gender Female Female
Area of origin Dongyang in Zhejiang Dongyang in Zhejiang
Exposure to live poultry markets in past 7 days Yes Yes
Date of illness onset February 23, 2014 February 26, 2014
Date of admission February 24, 2014 February 27, 2014
Date of specimen collection February 24, 2014 February 27, 2014
Date of lab conﬁrmation of virus February 24, 2014 February 27, 2014
Viral isolation A/Zhejiang/7/2014 (H7N9) A/Zhejiang/8/2014 (H7N9)
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Antiviral agent Ose
Glucocorticoid therapy Yes
vernight on the 18th and 19th and killed it on February 20 while
is two daughters watched. Considering the incubation time for
ovel H7N9, this could have been the only exposure to live poultry
y the two patients, as the estimated median incubation period is
days [10].
.3. Laboratory investigation
Real timePCRanalysis of throat swabs fromthe twopatients and
erum samples collected on February 24 and 27 tested positive for
ovel avian H7N9 nucleic acid with CT values of 26 and 28, respec-
ively. Since the stock titer was calculated to 1×107.8 TCID50/ml,
he TCID50 for the two samples was 103.552/ml and 102.995/ml,
espectively. Infection from other respiratory pathogens, such as
nﬂuenza A pandemic H1N1, H3N2, H5N1, H9N2 and inﬂuenza B
as not detected. Specimens collected from the stall where the
ather purchased live poultry on February 25 tested positive for
7N9 on February 26, with a CT value of 32 and a TCID50 value
f 101.88/ml. One of the environmental samples collected from the
ive poultry market in Yongkang was a mixture of both H7 and H9,
ith CT values of 26 (h7) and 28 (H9).
Three stains, including two isolates (Zhejiang/7/2014/H7N9
nd Zhejiang/8/2014/H7N9) from the sisters and one envi-
onmental sample mixture (Zhejiang/Environment/2/2014/H7N9
nd Zhejiang/Environment/2/2014/H9N2) from Yongkang, were
equenced for all eight segments.Withdifferent barcodes, the three
amples resulted in a total of 1,197,802 reads with a mean length
able 2
ubstitutions in segments in each novel H7N9 of avian origin. Substitutions that are cons
Gene Position A/Zhejiang/7/2014 A/Zhej
HA (H3 numbering)
56 K K
312 K K
476 N N
NA
233 I I
236 I I
322 T T
PB2
191 E E
511 I I
535 L L
559 T T
570 I I
627 E E
642 V V
PB1 216 G G
MP
254 P P
256 R R
257 C C
284 L L
NS1
127 T T
197 A Ae sodium No
ir (started on day 2) Oseltamivir (started on day 2)
No
of 124bp, of which more than 371,318 reads passed quality ﬁl-
tering. The average coverage of the samples was 2157, 3557 and
357. Complete sequences of the three novel reassortant H7N9s
revealed that they were 96.2–99.8% identical in all eight gene seg-
ments at the nucleotide level. Table 2 shows the substitutions
found in addition to the variations shown by the China CDC [4].
Amino acid changes, besides the substitutions reported by Gao
et al. [4], in some segments were as follows: R56K, R312K and
D476N in HA segment in H3 numbering; I233V, I236V and N322T
in the NA segment; mutations such as 191, 511, 535, 559, 570
and position 642 in the PB2 segment, E in site 627 instead of
K as in former stains (A/Anhui/1/2013); S216G in PB1 segment;
positions 127 and 197 in the NS1 segment. Four sites in the MP
fragment, 254, 256,257 and 284 were found to have substitutions
(Table 2).
All three samples, Zhejiang/7/2014 (from the index
patient), Zhejiang/8/2014 (her older sister) and Zhe-
jiang/Environment/2/2014/H7N9, were monophyletic in ﬁve
segments, HA, NA, PB2, PB1 and PA, of the maximum likelihood
tree with high bootstrap value. In both the MP and NS ML trees the
isolates from the two patients were in one monophyletic clade.
The clades of the two patients and the environmental sample were
reciprocally monophyletic with 56% and 92% bootstrap support,
respectively, in the MP segment tree. The H9 hemagglutinin
gene from the environmental sample showed high homology
with environment/ZJ/14/2013/H9N2 in the ML tree (Fig. 1 and
Supplementary ﬁgure).
isted with Chinese CDC isolations published in NEJM [4] are not present in below.
iang/8/2014 A/Zhejiang/Environment/2/2014 A/Anhui/1/2013
K R
K R
N D
I V
I V
T N
E K
I V
L M
T N
I M
E K
V I
G S
S A
R S
C R
L F
N N
T T
H. Mao et al. / Journal of Clinical Virology 63 (2015) 18–24 21
Fig. 1. Maximum likelihood trees for both H7 and N9 segments of isolations obtained in the study with two patients (A/Zhejiang/7/2014/H7N9 and A/Zhejiang/8/2014/H7N9)
and one environment sample (A/Zhejiang/Environment/2/2014/H7N9). Sequences followed by a black bar in both ML trees were isolations obtained in this study. (A) H7 tree
and (B) N9 tree.
22
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18–24Fig. 2. Cytokines and chemokines associated with severe H7N9 inﬂuenza infection in plasma. (A) Zhejiang/7/2014 and Zhejiang/8/2014. (B) Elevated levels of IL-4, IL-6, IL-8, IL-10 and MIP-1 in plasma for both two patients and
also for the controls. Results of signiﬁcant test were showed, respectively.
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analysis and characterization of viral genome. Lancet 2013;381:1916–25.
[6] Reed L, Muench H. A simple method of estimating ﬁfty percent endpoints. Am
J Hyg 1938;27:493–7.H. Mao et al. / Journal of Cl
The inﬂammatory cytokines in the serum of both sisters were
uantiﬁed using continuous sampling after comparison with three
ormal persons, including two adults and one child, as controls.
ytokine production (IL-4, IL-6, IL-8, IL-10 and MIP-1) was eval-
ated between the two patients and the control group (Fig. 2 and
upplementary Table 1). They had similar development of the IL-6,
0andMIP-1 cytokines:higher concentration in theearlier stages,
ut lower in the later period. The younger sister had signiﬁcantly
igher levels of IL-4 (0.0172), IL-8(0.0146) and IL-10 (0.00290) than
he older sister (P<0.05).
. Discussion
Twoviruses isolated frombothpatientsweregenetically charac-
erized. The amino acid sequences Q226L and G228S in the viruses
solated bound to 2,6-linked sialylated glycans. In both patients
e also found other substitutions in the R56K andR312K segments,
hich play an important role in allowing the H7N9 virus to infect
umans. R56K in the HA segment may have lead to a receptor
inding domain change, while R312K is responsible for reduced
leavage at the HA cleavage site [11,12]. S216G in PB1 is consid-
red to be one of at least two speciﬁc amino acid modiﬁcations that
ncrease the amount of the HA-NA glycoproteins on the surface of
he ﬂu virus. Previous studies indicate that the NS1 dsRNA-binding
bility and an amino acid sequence spanning positions 123–127 are
mportant in inhibiting the humanprotein kinase receptor [13–15].
eatures of those segments may affect the topology of the phyloge-
etic tree to some extent, considering the rate of substitution and
onservationof the fragments themselves. TheH7,N9, PB2, PB1 and
A tree showed that three H7N9 viruses shared high homology,
ndicating that they were from a single source. Three other seg-
ents displayedparaphylic (MPandNS) or parallelic (NP) branches
ecause of the lower rate of variation in hemagglutinin and others
enes [16,17].
The two patients in this study had the same genetic background
nd lived under similar conditions. The index patient suffered a
ore serious infection and more severe symptoms which were
ssociated with signiﬁcantly higher cytokine levels. Her sister had
milder case, even though they were both exposed to the same
oultry. This pattern coincided with conclusions found in previous
5N1 and H7N9 studies [5,18,19]. Severe human H5N1 infections
n the past have been related to dysfunction in the chemokine and
ytokine response. It is also believed that elevated concentrations
f inﬂammatory mediators in hypercytokinemia are indicators of
7N9 infections. H7N9 severity has been linked higher levels of
ytokines/chemokines.
The prevalence of novel H7N9 in the local live poultry market
nd the complicated system for transporting poultry have played
mportant roles in novel H7N9 evolution and development [20].
he environment in the local market in the town of Nanma was
ontaminated by this novel virus, since 33.3% of the birds exam-
ned tested positive, even though the government had closed living
oultry markets and carried out a centralized slaughter of liv-
ng birds in early January, 2014. It was unfortunate that the virus
as not detected in Nanma at that time. We did, however, obtain
whole genome environmental sample containing a mixture of
oth H7 and H9 from Yongkang. A crucial factor was that most
iving poultry sold in Nanma was transported from Yongkang, a
ownnearNanma, according to our investigation. Theﬁndings indi-
ate that a complicated transportation system exists for selling
hickens in Zhejiang Province. Closing LPMs could hypothetically
ave detrimental effects that result in an increase in illicit trad-
ng and transportation in a wider geographical area [20,21]. This
s coincident with our ﬁndings that showed that all three isolat-
ons reported here shared the same source of infection (Fig. 1). OurVirology 63 (2015) 18–24 23
ﬁndings also support the conclusion that H7N9 has evolved differ-
ent lineages through recombinationwith local H9N2 viruses, as the
sequences obtained from the two sisters were similar to each other
and differed signiﬁcantly from the isolate A/Anhui/1/2013 that was
prevalent in 2013 [1] (Table 2). Additionally, the ﬁnding of 33.3%
positive infection amongpoultrymaynot fully indicate the serious-
ness of contamination in the Jinhua area, but we still are unable to
ascertain the risk of transmission between humans. It is therefore
ambiguous whether infection in the two sisters was via human-to-
human transmission or through exposure to the same live poultry,
since both patients had identical exposure histories for this clus-
tering event in Zhejiang in 2014. Long-term inﬂuenza surveillance
remains essential for providing early warning to the public of the
potential for viral transmission.
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